Kornucopia® In Action!

Experimental Data Analysis

Penetration Event Correlation

Recorded Kornucopia® Session

Automated Tension Test Analysis

General Purpose Averaqging

Aliasing — A Lurking Problem with

Digital Data

Correlating FEA and Experiments
of LCD Ball Impact

Sliding Mechanism Analysis
FEA of Metal Bracket Failure
WOX Shock Tester Development

Salvaging Drifting Accelerometer
Data with Highpass Filtering

Sources of Noisy Data & Computing

Not All DSP is the Same
Comparing DSP Software

Elastic-Plastic Material Calibration
from Experimental Data

Hyperfoam Material Modeling

Automating Analysis of Hysteresis
Data

Kornucopia Improves Work-Flows
that Use Data

Handling Numerical Data and Text

Mathcad is Powerful and
Extendable

Learning About & Accessing
Kornucopia® Functionality is Easy

Unique Training Courses

Derivatives of Noisy Data
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Typical Uses of Kornucopia® Reusable, well

documented Mathcad
analysis worksheet

Processing Experimental Data
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Typical Uses of Kornucopia®

Reusable, well documented

Mathcad analysis worksheet

Analyzing Noisy FEA Results and Test Data

Methcad - [ Moan_peneisates mmcd]

Challenging data from a
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Kornucopia® - Powerful and Easy-To-Use Tools
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Processing Multiple Files
via Kornucopia®
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Steps Demonstrated
A. Read files

B. Isolate data &
headers

C. Plot raw data

o

Clean-up data

E. Compute an
average curve

F. Tweak data to
extend it

G. Integrate F vs 6 to
obtain work

H. Utilize units

Copinamidiias

Cleaned &

Averaged
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Kornucopia Readily Handles Large Amounts of Data

Numerous files with
one or more specimens

One file, numerous
specimens per file

Project: BigShot

e
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»~ Time[s]: Load
0.0000000000;
0.0333333333;
0.0666666667;
0.1000000000;

o~ Time[s]: Load
0.0000000000;
0.0333333333;
0.0666666667;

Time [s]: Load

Time [s]: Load
0.0000000000;
0.0333333333;
0.0666666667;

49.86666R6667;
49.9000000000;
49.9333533333;
40.966EEREERT]

[uf] : Disp.

[in]; Dymac Disp [in]: Disp. [in]:

49.0666666667;
49.1000000000;
N 29.1333333333;

57.4333333333;
N 57.4666666667;

0.,00500%8; -0.000732; 0.000000; -0.000733;
0.005009; -0.00073Z; 0.000000; -0.000733;
0.005009; -0.000732; 0.000000; -0.000733;
0.005008; -0.000732; 0.000000; -0.000733;

B84.534256; 0.368347; 0.003967; 0.364380;
§4.550400; 0.368591; 0.003968; 0.364823;
§4.550400; 0.368520; 0.003968; 0.36485Z;

[yf]; Disp. [in]; Dymac Disp [in]: Pisp. [in]:

-0.107955; -0.000015; -0.000005; -0.000010;
—0.107855; -0.00001 -0.000005; -0.000010;
—-0.107355; -0.000015; -0.000005; -0.000010;

75.174393; 0.433701; 0.003528; 0.430173;
75.158257; 0.433990; 0.003527; 0.430463;

[yf]: Disp. [in]: Dymac Disp [in]: Disp. [in]:

A bunck more datasets

[uf]: Disp. [in]: Dymac Disp [in]: Disp. [in]:

-0.075679;
—0.0756879;
-0.075679;

-0.000351; -0.000004; -0.000347;
—0.000336; -0.000004; -0.000332;
-0.000336; -0.000004; -0.000332;

131.946808; 0.3686958; 0.006182; 0.362506;
131.914520; 0.368973; 0.006191; 0.362782;
131.882248; 0.369232; 0.006189; 0.363043;
131.866119; 0.36594592; 0.006189: 0.363303:

[Grouging kev: = info section [ = data per specimen.
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Analyzing Tension Data

File with only beginning markers for each dataset

Project: BigShot
Testing Method: PR3ZZ-5
Tested by: J. 3mith
Date: 5/17/2001

o~ Time[s]:; Load [gf]; Disp. [in]; Dymac Disp [in]:; Disp. [in]:
0.0000000000; 0.005009; -0.,000732; 0.000000; -0.000733;
0.0333333333; 0.005009; -0.000732: 0.000000; -0.000735;
0.0666666667; 0.005009; -0.000732; 0.000000; -0.000733;
0.1000000000; 0.0050029; -0.000732: 0.000000; -0.000733;

49.0666666667; 84.534256; 0.368347; 0.003967; 0.364380;
49.1000000000; S4.550400; 0.368591: 0.003968; 0.364623;

\. 20.1333333333; S4.550400; 0.365520; 0.003968; 0.364852;
Time[s]: Load [gf]: Disp. [in]; Dymac Disp [in]: Disp. [in]:
0.0000000000; -0.107955; -0.000015; -0.000005; -0.000010;
0.0333333333; -0.107955; -0.000015; -0.000005; -0.000010;
0.0666666667; —0,107955; -0.000015; -0.000005; -0.000010;

A}

57.4333333333; 7T5.174393; 0.433701; 0.003528; 0.430173;
N 57.4666666667; 75.158257; 0.433950; 0.003527; 0.430463;
Time[s]: Load [gf]: Disp. [in]:; Dymac Disp [in]: Disp. [in]:

A bunch more datasets

Time [s5]; Load [gf]: Disp. [in]: Dymac Disp [in]: Disp. [in]:
0.0000000000; -0.075679; —-0.000351; -0.000004: -0.000347;
0.0333333333; -0.075679; -0.000336; -0.000004; -0.000332;
0.0666666667; —-0.075679; -0.000336; -0.000004; -0.000332;

;
]

49.8666666667; 131.9468058; 0.368698; 0.008192; D.36Z506;
49.9000000000; 131.914520; 0.3685973; 0.006191; D.362782;
49.9333333333; 131.8822458; 0.369232; 0.00618%; D.363043;
49.0666666667; 131.866119; 0.369492; 0.006189; 0.363303;

Grouping key: I = info section [ = data per specimen.

Bodie Technology, Inc
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" " Mathead - [unpackingMultSets.xmed] |
@ File Edit ‘iew Insert Format Tools Swmbolics ‘Window  Help = o
~

Analyzing Tension Data

fileC = readASCI_ K multiCurvesC, " semicolon" ,"") A

. ' _— 2N ("Load [gf]" Y (1

File with only beginning markers for each dataset 0= unpack_l{ﬁleC,[z],[ o B
Project: BigShot " "
Testing Method: PR3ZZ-5 {14?5’5}
Tested by: J. Swith il 1'}25,5 il oy
Date: S5/17/2001 { } i= 1. towsa(C)

summary k(G ") = | "{141551" | .

o~ Time[s]: Load [¢f]; Disp. [in]: Dymac Disp [in]: Disp. [in]: "{1360,5)" pltR = nestPlot_K(C,"") Ana ySIS Steps
0.0000000000; 0.005009; -0.000732; 0.000000; -0.000733; ’
0.0333333333; 0.005009; -0.000732; 0.000000; -0.000733; ||{15005}u .
D.0666666667;: 0.005009; ~0.000732; 0.000000; -0.000733; E d d
0.1000000000; 0.005009; -0.000732; 0.000000; -0.000733; C A Rea ata flle
49.0666666667; B4.534256; N.365347; 0.003967; D.364380; & B UnpaCk data
49.1000000000; 54.550400; 0.368501; 0.003989; 0.364623; o

\. 40.1333333333; 54.550400; 0.368820; 0.003963; 0.364852; —

o~ Time[s]: Load [¢f]: Disp. [in]: Dymac Disp [in]: Disp. [in]: C. PlOt raW data
0.0000000000; —0.107955; -0.000015; -0.000005; -0.000010;
0.0333333333; -0.107955; -0.000015; -0.000005; -0.000010; ) )
D.0666666667; -0.107955; -0,000015; -0.000005; -0.000010; D Trlm & Clean |t

Diisplacernent

57.4333333333; 75.174393; 0.433701; 0.003528; 0.430173; E_ Compute an

N 57.4668666667; 75.158257; 0.433990; 0.003527; 0.430463; . {93
Time[s]: Load [¢f]: Disp. [in]: Dymac Disp [in]: Disp. [in]: fived, = |D = trim HC,(C.[™ .5, "max" "

D average curve

D« smoothX¥_ k(D %89 ,"")
tmp < tweak¥ K"stat’ D,2,0,01,"")

! Plot cleaned
shifiData WD, "stant" 0."")
Time [s5]; Load [gf]: Disp. [in]: Dymac Disp [in]: Disp. [in]: data &, average

A bunch more datasets

U

0.0000000000; -0.075679; -0,000351; -0.000004; -0,000347; - '
0.0333333333; -0.075679; -0.000336; -0.000004; -0.000332; ave = avetageX¥_Wfied. "' ") E
0.0666666667; —-0.075679; -0.000336; -0.000004; -0.000332; pItH = nestPlot_kffixed,"™)
After Healing
49.8666666667; 131.946808; 0.368698; 0.006192; 0.3A2506; 150 healeldda T T
45.9000000000; 131.914520; 0.3685973; 0.006191; 0.362782; = F
49.9333333335; 131.5882248; 0.369232; 0.006189; 0.363043; average
43,9666666667; 131.866119; 0.369492; 0.006189; 0.363303; L Lo0
g
[
S0 T
Grouping key: I = info sectian [ = data per specimen.
] | | |
0 01 n2 ns3 04
Diisplacernent 3
£ b
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Analyzing Tension Data

Key Benefits:

o Clear documentation of
analysis process

e Reusable automated
worksheet

= Saves times
= Reduces errors

= Deployable to others

 Improved characterizations
{o]

= Analytical Calculations
= FEA Simulations

= Quality Assurance

Copyright © 2004 - 2010 Bodie Technology, Inc. Ul

" Mathead - [unpackingMultSets.xmed]

mFile Edit Wiew Insert Format Tools  Symbolics  Window  Help

EEX

fileC = readASCI K multiCurvesC, " semicolon” ,"") A
4 "Load [gf]" 1
= unpack_l{ﬁlec,[z] ,[ ””[gﬂ ],[ 1],"":| B
4TS A
AR i= 1. towsa(C)
summaty kG, ") = | "{141551"
"i1360,5)" pltR = nestPlot_KC,"")
"y1500,53"
g
o
=9
Diisplacernent
fived, = |D tri.m_l{Ci,[Cﬂ{z},j,”max“ o ":I

D« smooth¥¥_k(D,58-%,"")
tmp — tweakdY K("start" D,2,0,0.1,"")
shiftData_ k(D" stant? 0,71

ave = averagedt Kfoeed,"x" "™ E

Analysis Steps
A. Read data file
Unpack data
Plot raw data

Trim & clean it

mo oo

Compute an
average curve

U

Plot cleaned
data & average

After Healing
150 T T
—— healed data
e
L oo e
g
o
=9
il
0 I I
i 01 nz
Diisplacernent
A0 |

Try getting an
average curve like
this in another tool!

v

b3
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General Purpose Averaging — A Powerful Feature

" Mathead - [curveAve_ video.xmcd] E|[E|FX|
m File Edit “Wiew Insert Format Tools Symbolics  Window  Help = | &Y
D-&d &Y me = 0| v @
| B A ] == [£<F T ap |N0rmal vi.ﬂ.rial vilD v B I U !%i% ==
| ~
Averaging Method Normalize Plot Average
X ¢ Normalize : No * Ye i
* Arc Length) " Normalize : Ye " No
ave = averageX ¥ k(data,method, adv) + Single function averages all data curves
40 T T T T T T 2
558 Data Set 1 il
¢4 Data Set 2 4 Three original datasets
=22 Data Bet 3
Average I (7e.2}”
. summary_ki{data ") = | "{21,2}"
% | II{13,2}II
&
Average curve
7 summary_kiave ") = "{72,2}"
T
0.7
b
| >
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General Purpose Averaging

"{50,2}"
"{75,2}"
"{83,2}"
"{42,2}"

summary_k(Data,"" ) =

Distorted data curves only

Copyright © 2004 - 2010 Bodie Technology, Inc.

1 2
1 4.160 0.000
2 4.319 1.392
Data, =| 2 4.338 2.346]
4 4.187 2.661
5 3.854 2.477
6 3.347 2.190
7 2.697

What is the average of
this set of 4 data
curves?

Bodie Technology, Inc &
T
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General Purpose Averaging

"{50,2}"
"{75,2}"
summary_k(Data,"" ) = (832} m
"{42,2}"
Ave = averageXY _k(Data,"arc" ,"norm: yes")
Distorted data curves only Average Curve and Data

Copyright © 2004 - 2010 Bodie Technology, Inc. Ul
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Aliasing - A Lurking Problem with Digital Data

8 increments per period, f,=8.0f__

—— Origind
Alt)=a,-sin(2rz- f,-t) 6—© Sampled
()
f,b=10kHz 3 To avoid aliasing
[}
fo = 1.0 kHz % fs > 21:max

tirﬁe (mseec)
Satisfying the sampling theorem avoids aliasing
Violating the sampling theorem creates aliasing

1.1 increments per period, f,=11f 0.9 increments per period, f,=0.9f__,

10 S 10 T T I

0.5 0.5
Q Q
=] =]
3 004 3 oo
= =
g 05 g 05
® ®

1.0 -1.0 | |

0 2 L4 ( 6) 8 10
time (msec
= 0.1 kHz

Copyright © 2004 - 2010 Bodie Technology, Inc. Ul Eﬁg:Snglcsr;Qro/iggz;ils% &f




Examples of Noisy and Challenging Data

Experimental measurement Explicit Dynamics FEA Simulation

10 T T T = T

G 6 = _
= =<
Fl raw =
g f,= 250 kHz g o
I S I3
8 -0l | (original collection rate)- data 5
g g f,= 89 MHz
< < Every increment

_ 1 1 1 =4

O N o """ 1 Cell phone

Time (msec) Time (msec)

lens impact
Why do 2 engineers find completely different results starting with same data?

 Result after lowpass filtering with 6h-order Butterworth filter, 5 kHz cutoff.

o= e e em o m Em m Em S S S == -

: Engineer A
é . “NO correlation”

Aliasing distorted
datainall 4 | | ana|ysis

plots: 50-kHz }

o e e e e e e e e e e e e e e e e e e e e e e e e e e

SRR 2 ! Engineer B
9
g 1 2o - : “Good Match”
. § 1
Ll ] i i I
S 1
| | | < | | | I
T 2 4 6 I 2 4 6 !
e m o Jmem=o Tmemse _ _ _ _ _ _ _ __ -/ . 6‘
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Kornucopia® Improves Analysis of Challenging Data

" Mathcad - [lens ball_imspact compact wecd |
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Kornucopia® Improves Analysis of Challenging Data

Key Benefits:

o Clear documentation of
analysis process

« Reusable automated |
worksheet _T— :

S i e e

= Saves times

= Reduces errors

» Deployable to others

 Confidence in both Testing
and Modeling Approach

= They Correlated!

 Improved FEA material law via o oINS
stiffness correction factor i N =

Bodie Technology, Inc &‘:.’.‘:
T
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Filtering Tools for EVERYONE
Not Just Experts

Mot brad - (G5 _cam_sliding_contact &, emcd]

BIMe P Wow lewt Formo: Took . Bymbols Wodow ol g
O-FH &3 Y B o - e o= e R Y R
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.« Improving Quasi-Static
b M Explicit FEA Results
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Decimating and Smoothing Data - via Kornucopia®
Decimation and | r =300 smoothFactor = 90-% Iritinl Explicit Dirishics FEA Frociction
then smoothing _ - ) ' '
dec = decimateXV Mreg,t,"") smooth = smoothlV K dec, smoothFactor "' . - -
o
I towrs(reg) = 3855 x 1EI4 rowrs(dec) = 129 2 m
ot
150 T T T T s [I_j 1 [I_.
i Stz
. loop n )
= pfng and Smooething Data
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Filtering Tools for EVERYONE
Not Just Experts
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Mathcad easily
solves nonlinear
transcendental

et equations!
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.« Improving Quasi-Static
g ol Explicit FEA Results
RN via Kornucopia®

Iedtial Explicli Dyrnicr FEA Prodiction
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Declmating and Smoothlng Data
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T-bracket Failure Analysis

., Mathcad - [ T-bracket_demo.xmcd]

ﬁ; File Edit Niew

Insett  Format Tools Symbalics: Window — Hel

B =1ES

IID*D“'H Ay B o ML o fygs 20 ww v @|

| B A [] = Ig cx 3] of |]|Karnucapia v| e i

Improving a T-Bracket Failure
Analysis via the use of

Kornucopia™

d Implicit FE &

Do these
twrn FEA,
rrethods
agree?

T T BT - TR T T

*

MITTERRES

Opaning Fana

Intial implicit FEA version of T-Bracket model courtesy of AB&2US, Inc., 2004

=
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Development of
Naval Surface
Warfare Center
WOX Shock Tester

» Analysis of Abaqus/Explicit
FEA model of a Missile
Shock Test Machine at
NSWC, Dahlgren Division

e Perform 50* DOEs

= 30 output sensors:
~50,000 rows,
31 cols

= Decimate, LP filter, find
local max/min velocities
& mean acceleration
over several regions.

Copyright © 2004 - 2010 Bodie Technology, Inc.

"modell rpt"
natmes = [ "modelspt"

"modeld pt"

1:= 1. rows(natnes)

{2511,31}
data = | {2502,31}
Select sensors of interest {2498 31} "Time"
gengors = reorder k[ genzore,"keep" Mcole" (1 5 13 6),""] consarel "TopRear, X"
datai = reu:uru:ler_k[datai,"keep" JMeols" (1 5 13 é)," ":I "Front, Z"
"TopReat, T

Perfarm DSP Define cutoff

10043 "
fi = sampljngFreq_i{[datai]{l}-sec," } fs = | 10.006 |-KHz requency
0056 fc = 50-Hz
fi
Ci = cllE_¥| "lp" , "butter" ,—C " datafi = ﬁlterX‘f_k[ datai,Ci," start assuanp © zero"
fsi
1 . {S} n ]
select a sensor to view g=4d gensors . = [ "TopRear, 7" )
set, =1 na.messet& = "modell 1pt ‘ sely, =3 na:cnesset}:I = "modeld ot |
al T T T a0 T T T
—— raw —— raw
e 30 — filtered [ by 30
] ]
& 0 g 0
& 5
= =30 . = -0
— &0 L L L — &0 L L L
a 0.0s 0.1 015 0z 1] nos 01 015 02
Tirne (zec)

Tirne (zec)

Smart-Tools for Analysis™
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Development of
Naval Surface
Warfare Center
WOX Shock Tester

» Analysis of
Abaqus/Explicit FEA
model of a Missile
Shock Test Machine at
NSWC, Dahlgren
Division

* Perform 50* DOEs

= 30 output sensors:
~50,000 rows,
31 cols

= Decimate, LP filter,
find local max/min
velocities & mean
acceleration over
several regions.

Copyright © 2004 - 2010 Bodie Technology, Inc.

Select sensors of interest {2498 31} "Time"
sengors = reorder k[ sensors,"keep" Mcols" (1 5 13 &),""] "TopFear, 2
= gensors = | .
data. = reu:uru:ler_k[data.,"keep" JMeals" (1 513 é)," ":I Front, X
1 1
"TopReat, T
Perform DSP 10043 Define cutoff
\ fi
fsi = samp]jngFreq_i{fdataﬂ{l}-sec," "i| fz = | 10006 |-kKHz requency
0056 fo = 50-Hz
fi \
Ci = cllE_¥| "lp" , "butter" ,—C M datafi = filter3¥ k| datai,Ci," start assuanp © zera" |
fsi
select a sensor to view s=4 sensnrs{s} = ("TopReat, " )
set, =1 ﬁnesset& = "modell 1pt ‘ sely, =3 |na:messet‘.r:I = "modeld ot |
i T 1] T T T
—— rawr 4 —— raw
e 30 —— filtered || by 30k —— filtered ||
] ]
- 21 0 p
3 Ll
= =30 = = ] -
— 60 1 — 60 1 | 1
0.15 n2 0 0.05 1.1 0.15 o2

"modell rpt"
natmes = [ "modelspt"
"modeld pt"

1:= 1. rows(natnes)

{2511,31}
data = | {2502,31}

Tirne (zec)
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Development of
Naval Surface
Warfare Center WOX
Shock Tester

Srald g
"raedet it
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Analysis of WOX Shock Tester
with permission from Jon Yagla,
Naval Surface Warfare Center,
Dahlgren Div.

Copyright © 2004 - 2010 Bodie Technology, Inc.

’——————-

Specify a rough maximum time trigger  tmax = 0.1

Specify minimum welocity trigger trigget =3

a.nal}rzei,j =

tri.m_k[ tough, ru:uugh{j} Jtrigger, "max" " ]

. NN BN BN BN BN OB BN BN N )

& Trirn out the data section in each curve to be analyzed

rough — tﬁ.m_l{datafi, [ datafi]{l} M e, " }

counter to loop
through sensors

— j;lg:ulsii&taf_‘l.l
N

\
l
l
l
l
l
l

Asgsigning time and _ i _ i
sensor velocity variables T'i,j - (ﬂmlyzei,j] vi,j - [malyzei,j] 4
Computing mean acceleration values
Grave, . = slope| t. .-sec, V. il Gplot(t, V) .= |1 < slopet,T)
1] 1,] 1,] sec
B « intercept(t,) ’
\G—plti,j = G-plnt[ti,j ’vi,j] M4+ E Y
— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— ]
nmesseta = "modell rpt | sensurs{s} — ("TopRear, T na.messeth = "modeld.rpt |
40 4':' T T T T
PR T !
] ]
2 0 g U
= -d0 e
a0 _an 1 1 1 1
1] ooz o004 008 002 01 1] 002 o004 008 002 01
Time (zec) Time {(zec)
Acceleration Summary (units = q)
TopRear, ® | Front, ¥ | TopRear, ¥
modell. mpt 0.67 2469 6.06
model2. ot 1.00 20.81 215
model3. mt 0.99 20.78 213
DoTTe e TTTOTOg YT
Smart-Tools for Analysis™ Lo




P 7 Mathcad - [WOX_analysis.xmcd]

- BX

D I t f m File Edit Wiew Insert Format Tools  Symbolics  Window
eveiopment o s e i
p [3] x= [2 <F !gj“_himnumpia e | oo
Naval Surface — =
Warfare Center S 1
WOX ShOCk Tester names = | "modeld mt"
"modeld pt"
= 35114}
L summary k{data,"") = | "{2502,4}"
ETIE "{245'8,4} 1] =
7 1 . Velocity tri -
Dep l Oyed TOOl fr = 30-Hz &emuac;t}&":g;ger trigger = 5 tmax = 0.1
for others in a
company or Raw and Filtered Data Extracting mean Acceleration
work group ' ' ' M e * ©
B E
g g
= =
!
e e Automated to process
ALL 30 sensors
Analysis of WOX Shock Tester | 3
< »

with permission from Jon Yagla,

Naval Surface Warfare Center,
Dahlgren Div.
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Integrating Acceleration Data - Another Big Challenge!

Why does this measured acceleration produce a ridiculous displacement?

. 1.6-mm
thick

76-mm o \

| 157-mm r

Steel ball impacting
aluminum plate

Answer:

Low frequency distortion in
accelerometer data

* Very common with
measured data

Copyright © 2004 - 2010 Bodie Technology, Inc.

Disp (mm)

20 40 60
Time (msec)

10

- 100
- 200
- 300

N benchmark

Integrated
from accelerometer —>/
| |

- 40

Time(msec)  |mplausible
result!

Bodie Technology, Inc &
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Example Templates in Library Help Meet the Challenge!

E? Kornucopia Help

&= B e

Hide Locate  Back

Stop

(@1

Refresh  Home

EEX

Frint  Options

Lontents ] Index ] ﬁearch]

B TOC
@ Releaze Motes
* @ Introduction and Owverview
2] Mathcad Tips
* @ Functionz
@ Extra Units
= @ Examples
+ @ Tips on Using Examples Effectively
1] @ Tutorials
ﬁ Simple U=zace
. |ﬂ Elabhorate Examples
j Cantilever Beam Analy iz
j Catenary Analysis
a Cleaning, Averaging, and Tweakin
a Creating Elastic/Plastic Material De
Z] DCE Failure
E Decimating Data
E Derivatives and Integrals of Discre
E eneral Interpolation vis Paramete
E Highpass Fitter of Plate Shock
E Hysteretic and Cyclic Data Proces
E Improving User-Friendiness of W
E Learning DSP
E Lens-Ball Impact
E Moon Penetrator
j Processing Multiple Files Efficiertly
j Processmg a Packed File Efficient]

Salvaging PE Shock
- @ SalvaygePEshock Compact
[ @ SalvayePEshock_Detaile

\;.,_. e e e e e e -

) 2] T-bracket Failre
[+ @ Tricks for Plotting Multiple Curves

S| rRETETNESog

|

| *

Salvaging PE Shock Data
Using Highpass Filtering

(Compact version)

Ileasured Accel ws Time

1

Direct Integration

T T T
NOT Plausible
{Huge Drift)

ALL Template Example Flles
e Can Open LIVE in Mathcad® en Template

« Modify as desired by user in Mathcad
(modity as needed by user)

This example warksheet 2
E Plausible Result

dermonstrates how the use of
highpass filtering as a method
to potentially salvage severe
drifting in integrated
displacement data.

Tite (zec)

This is an HTML version of the worksheet. It is intended to be used for fast browsing.
Click here to work interactively in Mathcad® with this worksheet.

3 |

Copyright © 2004 - 2010 Bodie Technology, Inc.
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Integrating Acceleration Data - Another Big Challenge!

Flot of Raw Acc . e .
Highpass Filtering to Remove Drift
Flat af Raww Accalaraiien Cata
T —— Guided by the Fourier analysis above, it looks like we should start filtering around 100 Hz.
= =r— Fourid = Try the following filtter cutoffs: 100 Hz, 50 Hz, 25 Hz, 10 Hz, 25 Hz, 30 Hz, 28 Hz.
. - +  Your goal when removing drift is to use as low a cutoff as possible so that the low frequency portion caus
Sl Fourier the drift is rermoved but the higher frequency, physical components are not removed.
\1" ] A n farrut e s Py s
: To help Define filter cutaf fo = 28-Hz fic = g
i L L & 5 Defing filter coefficients o= cllE W "hp" | "butter £2z,"")
1
an ek
Apply filter to data Of = filter¥ kld,c,"")
Select which signals to
Susereslva [ntegration te abtaln dIsplacemeanks 5 Select the curves you desire to appear in the plat. use to drive Y.axis scaling
-
S Select which signals to turn on in the plot helow “:‘ﬂ
Fourier Analysis - " 2x Laser
W Unfitered| | Filtered| | Laser] & 2x Filtered & las
Fourier of the actual data M8 = fouriethlag k8, hatl " %x Filtered & las
To help interpret the Fourier Signature, we compute the Fou Unfitered, Filtersd and Benchmark
4
. t . T T T T
a’quad = _?Du.m(lﬂﬂ-msec) Mquad = fourierM]
_— 5_ T
1:10° . . E
=
Ms 1r g
o z
T 01 5
Mqua.d [
_3
T =10 " .
— Raw Filtered
11077 L L l l 1 1
1 10 100 ] 0.02 0.04 0.06 nos 0.1
£ Tirme (sec)
Hz I
. | J -, INC &‘..'.‘
Copyright © 2004 - 2010 Bodie Technology, Inc. gl
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Raw Data
T T

Noisy and Challenging Data

8

« Comes from many sources & for many reasons

Nominal Stress (psi)
g

» Physical and artificial

= Measurements and simulations —_— 00;”;;@”;?%)50 R
 Found in many places

= |mpact events

= Entities with Motion

 Aircraft, cars, ships, machinery, hand-held drills, engines, valves, etc.

» Characterization of rough surfaces, peel testing, etc.

» Material characterizations of advanced materials
e Quantities

» Most noisy — accelerometers

» Moderate noise — string pots, laser “gauges” (velocity, strain, ...), force
transducers

« Computing the derivative of data can easily create a noisy result

Smart-Tools for Analysis™

Copyright © 2004 - 2010 Bodie Technology, Inc. Bodie Technology, Inc &f o




Other Challenging Data

Raw Data derivaivel k(éraw,Fraw,"")
15 T T 15 T T
£
Z —
| [dF]E
3 g
g do| &
o o 50
2 g
5 .
|
0 100 200 300
| | Displacement (mm)
0 100 200 300

Displacement (mm)

derivative2 k(draw, Frav,"")

o 4l
These derivatives looks terrible? d2E § 20
— Can | do anything about it? e : .
§ - 230}
S — 410t | | -
0 100 200 300

Displacement (mm)

' ' Bodie Technology, Inc &
Copyright © 2004 - 2010 Bodie Technology, Inc. Smart-Tools for Analysis™ 5.0




Kornucopia® Help and Templates Provides Guidance

E? Kornucopia Help

HOE e =2 @ [ n &

Hide Locate  Back orward  Stop Refresh Home Frint  Options

LContents l|ﬂdBH 1 ﬁearch1 . 1

| A Detailed Look at Computing
s Bty N Derivatives and Integrals of
iE - i \/y’ Discrete Data via

F L Mathcad and Kornucopia®

@ Tutarials

@ Simple Usage
@ Elaborste Examples Raw Data 1st Detivative
] Cartilever Beam £ 15 T T 150 T T
j Catenary Analysi —— Dervattie (raw)

] Cleaning, Averani [—— Derrvative with filtering
(5] Cresting Elastic/Pl 10k 2
£] DCB Failure

% Decimating Data
j Detivatives and In s
[+ El derivativesAn

- B Toc »~
@ Releaze hotes

T-E-E-3

T - - - -

Force (1)
15t Dermvatree (Him)

j General Interpolat 0 1 | 0 |
=] Highpass Fiter of 0 100 200 300 0 100 200 300
% Hysteretic and Cy
E] Impraving User-Fr Displaceraent (o) Displacement (o)
% Learning =P

E] Lens-Ball Impact

El hoon Penetratar

% Processing multipl
E] Processing a Pacl
% Protective Barrier

j Salvaging PE Sho
(5] Sliding Caortact This is an HTML version of the worksheet. It is intended to be used for fast browsing.
3 T-bracket Faiure + Click here to work interactively in Mathcad® with this worksheet.

= : = < : >

This ternplate waorksheet demonstrates the calculation of derivatives and integrals on discrete data. The
woarksheet looks at daing this with built-in Mathcad functionality and with Kornucopia® functions. The
worksheet touches on several impartant details that can occur when working with real-world discrete
datasets.

i e e ey IS

' ' Bodie Technology, Inc &
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Noisy Derivative Challenge

Kornucopia® Meets the Challenge!

Load vs. Displacement
15 T T

Data after
smoothing

10

Force (N)

—— Load vs. Disp
A A Max 1st deiv.
@ & Min 1st deriv.
@@ Max neg. curvature

[ ] Inflecions
|

0 100 200 300

Displacement (mm)
e )

BBz poopgm

gl sl g Solution Using
Discrete Data wia

S, Both Filtering &
A 1 Derivative

i a Functionality in
Kornucopia®

Copyright © 2004 - 2010 Bodie Technology, Inc. Ul

Ist Derivative (N/m)

2nd Derivative (N/m”2)

1st Derivative vs. Displacement

10

|

Load vs. Disp
dF | |AA Max st deiv.
@ & Min 1st deriv. L

dd | (@@ Maney. curvature
[ ] Inflections

100 200 300

Displacement (mm)

2nd Derivative vs. Displacement

50

- 500~

- 1000~

d*F
ds’ ]

—— Load vs. Disp
A A Max 1st deriv.
& & Min 1st deriv. M
@ @ Max ney. curvaure
[ ] Inflections
I

— 1500
0

100 200
. Bodie Eec nology, Inc i
Displ mart-tr ’B‘E‘pfor Analysis™ 5




Here is a Simple Dataset that Looks Smooth

Raw Data
10 T T
80
:
7 /’ Z00m Raw Data
& 7 T T
c
£ 40
5
zZ
20 g 65
d
. .
§ eo- Data is highly
Z .
sampled and noisy
55 ] ]

4 5

Nominal Strain (%)

Copyright © 2004 - 2010 Bodie Technology, Inc.

dT
de?

2nd Derivative (GPa)

Why do these derivatives
looks so noisy?

1st Derivative

4 T T

1st Derivative (GPa)

Nominal Strain (%)

2nd Derivative
T T

Nominal Strain (%)

Bodie Technology, Inc &
TOF

Smart-Tools for Analysis™
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Kornucopia® Library Suggests Suitable Work-Flows

Here is a Simple Dataset that Looks Smooth

Why do these derivatives

looks so noisy?
Raw Data

Kornucopia® Example
shows solution using both

1t Derivative 1 - 1 1
& - - A Filtering & Derivative
T ar] ¢ I i
: a Functionality
s
5 6= Raw Data de =
5 T T T g
L L
2 7 ) 10 20 TR o = 2 B A & @
2 [ ) Filt  Le#s  Exh Fomd Skp  Pawh ow Pl [l
7 Nomirad StanCe) Bt Ly e Compute 1 31 5 Zrd DiriveSioes Flu ilegrate e Dala i
a 2nd Derivative e Wil 26 T 12 wC0OMS M1 IR COEING RO M .o - -
0 B . 2] ke Hed “Ni topaatiores bkt il g 1P 134 Eed aT= oaTe W
5 of Data is highly 1 540 bt el i At jrama and e d]
z led and noi g ¥l ke Mipa
sampled and noisy % ﬂmr Davgeies | 5 derisiine Torrgues e deviediee Damyubees enmagy derstlly
8 ek S— —_— . .
. . . _dzT 5 B e b s e I R
3 4 5 dgz g # 1] nara
) b T Gnp Lnge
Neminal Strain (%) B = ] Dkt Comrpis Tk Ferdwniive Ind F et
] 1 ks o B
0 10 20 [ T Fim Uth
. . + | Cwarg, v A — g Sruncteed T = By — Ueing Ewmibed
Namind Sirdin (99 - ool ] 2
& 8] P F
U 8] pozroing ok E
. = ] pehyalremdbdos &
: N Bodie Technology, =Y o
Copyright © 2004 - 2009 Bodie Technology, Inc. Smart_Too s or Analyei b +m i
T T—— d .
& ] Hrhpare File T Pl ) ] F ]
11 ] Hymiorre o vl
S [ ———— Etwini
o -
L Bl gk
B o Parmrakr
& Focamng s 5 L Eregr Jerachy
B Procamaing o Fucisd T
= ] Fobct-ca D ¥ = E-:fm %"
% | Sarven "} e 3
. g':-l-g'.c-“-:m H - = ¥
o
1B Theaoint Poler z' __ﬂ"-’ i
j1 ok e Pl b ] - £
F] vausk irsasranang o gf- i ] A
g A ok o L}
M T T
o ] ] ]
: 3 Sl

u|
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Kornucopia® DSP Technology is Robust

Raw Data smooth ;= smoothXY k(data,99.5%,"" )
15 B I ! I I ] 15 | T T T T ]
— filtered data
— benchmark
g 1or . Z 10f |
3 ®
S O
2 o5t - 2 o5f |

o
o
T
1
o
o
T

| | |
0 5 10 15 0 5 10 15
Displacement (mm) Displacement (mm)
Copyright © 2004 - 2010 Bodie Technology, Inc. Bodie Technology, Inc &.t'lr-
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Single pass Butterworth filter

Displacement (mm)

Raw Data

1.5_I T T I_

Z 1.0f :
Q
O

L 0.5r .

0.0f .

0 5 10 15

Force (N)

o
(6]
T

gmooth = smoothXY k(data,99.5%."")

Kornucopia® DSP Technology is Robust

151

=
o
T

©
o
T

—filtered data
— benchmark

0

5 10
Displacement (mm)

Other DSP Software & Approaches

157

=
o

o

Force (N)
o1

©
o
T

— filtered data
—— benchmark

Bi-directional Butterworth filter

FFT filter

iy 151

=
o

Force (N)

o
ol
T

— filtered data
—— benchmark

5 10
Displacement (mm)

15

Copyright © 2004 - 2010 Bodie Technology, Inc.

o
o
T

] 15 C T . T T
— filtered data

—— benchmark

=
o
T

Force (N)

o
&
T

1
o
o

T

J]

10

5
Displacement (mm)

0

5 10

15

Disgla_cement (mm)
odie Technology, Inc
Smart-Tools for Analysis™




Kornucopia® DSP Technology is Robust

Raw Data smooth := smoothXY _k(data,99.5%,"" )
1.5 I I I '] 15F ' T T ™ ]
—filtered data
— . — benchmark
é 10 B - \Z_/ 10 | |
3 ()
S O
L 0.5f . L o5F i
0.0 . 0.0f |

0 5 10 15 0 5 10 15
Displacement (mm) Displacement (mm)

Single pass But
. . « Works well over a broad range of data

15[ _
— filtered d . .
= N - |ses Kornucopia® Smart-Function™ DSP technology
< 1.0 R : . 1
@ v’ Bi-directional Butterworth filter
w 057 v Automatic end-effect minimization algorithm |
0ot v User-friendly input parameters -
0 5 10 15 0 5 10 15 0 5 10 15
Displacement {(mm) Displacement (mm) Disgla.cement (mm) &
Copyright © 2004 - 2010 Bodie Technolegy, Inc. EI odie | echnology, Inc
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Time-Domain and Frequency-Domain - “FFT” Example

Time-domain

Alt)=a,.+a, sn(2zft+¢)+a,sn(2zf,t+4,)

25 | | | | T
~~
O s N Analytical frequency content
c
o Freq (kHz) Amplitude (G)
T 0.0 0.3
Q
8 15[ 1.3 1.27
. | | | | | 6.0 0.7
25
0 1 2 3 4 5

time (msec)

 MEscope, Version 4.0.0.69, released 10/17/2005.

» “FFT” calculated using a rectangular window and the menu commands of Tr ansf orm FFT.
« MATLAB® R2006a, Version 7.2.0.232.

» “FFT” calculated via pl ot (abs(fft (A))) where Ais the time-domain amplitude vector.
« DASYLab®, V7.00.03, released 1/28/2003.

= “FFT” calculated using a rectangular & hanning window and requesting a real FFT of real data
via Si gnal Anal ysis, FFT, Anplitude Spectrum

» Kornucopia®, V1.4, released June, 2009.
» “FFT” calculated using a rectangular & hann window via the following commands

Mnowir= fourierMag k(A,boxcar_k,™) Mphann= fourierMag k(A,hann_k,™)

: . Bodie Technology, Inc &
Copyright © 2004 - 2010 Bodie Technology, Inc. Smart-Tools for Analysis™ 5.0




Time-Domain and Frequency-Domain
- “FFT” Example

MEscope
15 T T T T

@ © No windowing @
g 7 - 8
= Non-DC magnitudes have =
% © 1 amplitude error plus %
s O'SM leakage effect i &

D

0 I10 I20 I30 AIlO 50

frequency (kHz)
Kornucopia® & DASYLab®
1.5 T T T T

o |° No windowing 0
g : 2
> . . 5
= Primary discrepancy =
[ o) c
2 o caused by leakage i =
g S

D

0 10 I I AIlO 50

Copyright © 2004 - 2

20 30
frequency (kHz)

010 Bodie Technology, Inc.

Analytical frequency content

(o) Freq (kHz) Amplitude (G)
0.0 0.3
1.3 1.27
6.0 0.7
MATLAB®

300

200 [T

100 [

I I I T |
No windowing

Matlab FFT function does
no scaling
(pure Fourier Kernel) 1

15

100 200 300 400 500
index number

Kornucopia® & DASYLab®

0.5

Hann window

Good correlation to ideal
values

30 40 50

20
frequency (kHz)

Bodie Technology, Inc &
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Working with Highly Over-Sampled Data

« MATLAB®'s Signal Processing toolbox versus Kornucopia®

» The analysis is based on results initially published by:
Diehl, T., et. al., “Applications of DSP to Explicit Dynamic FEA
Simulations of Elastically-Dominated Impact Problems,” Journal of
Shock and Vibration, Vol 7, 2000, pp. 167-177.

e Note: The MATLAB® results have been updated in 2007 and the
Kornucopia® results were added in 2007.

* The evaluation examines performance of the two DSP software packages
when data is highly over-sampled and a relatively aggressive filter is applied.

= f,=6 MHz Sampling Rate.
= 8th-order Butterworth Lowpass Filter

= Values for typical for explicit-dynamics models and filters potentially
applied by a “non-DSP” FEA user.

' ' Bodie Technology, Inc &
Copyright © 2004 - 2010 Bodie Technology, Inc. Smart-Tools for Analysis™ 5.0




Working with Highly Over-Sampled Data

 FRF Evaluations
» FRF shows how filter will attenuate frequency content of signal

f.= 30 kHz, Q, = 0.005 f.= 18 kHz, Q. = 0.003
1.5 T - 7| - T - T T - 1.5 - 7 - T : T :
o fC Kornucopia ° & /\A ¢
ER .| (flat passband) 3 T comucopid  MATLAB® has
S | MATLAB (a& b) = ] / difficulty as
= o5 : minor distortion = 0_5@ - normalized cutoff
in passband MATLAB, Wy frequency is
N N lowered.

0 10 20 30 40 5 60 0 6 12 18 24 30 36
Frequency (kHZ2) Frequency (kHZ2)

Q. is the normalized cutoff frequency (f/f)). f,= 6 MHz (all cases)

Kornucopia® - Used function FRFmag_k(C, Qplot, “delay compensation : 0”)
MATLAB, - Used FFT-based algorithm via the MATLAB® command [h,f] = fregz(b,a,n,Fs)
MATLAB, - Used algorithm based on Horner’s polynomial eval. via the MATLAB® command

[h,f] = fregz(b,af,Fs)

; - Bodie Technology, Inc &}'.‘:
Copyright © 2004 - 2010 Bodie Technology, Inc. Smart-Tools for Analysis™ 3.0/




Working with Highly Over-Sampled Data

Time-domain results of filtering a sloped line.

e The MATLAB® filter function utilized was filtfilt, a bi-directional time-
domain filter. This function does NOT use a cascaded filter implementation.

* The lowpass filter utilized by Kornucopia® wasfilterY k, a
bi-directional time-domain filter, implemented in a cascade form.

« MATLAB® becomes unstable with small change in cutoff frequency.

f,=30kHz, Q, = 0.005 f_= 18 kHz, Q_ = 0.003

1.5 T T T 1.5 T T T

|
o
3]

MATLAB 7]

T 1 \

g o : g 7 :
3 | deal =

S o5 Kornucopia = "o ldedd —

1S S

< <

e MATLAB b Kornucopia
(All Similar) (Both Similar, no ripple)
| | | | | |
-1 05 1 15 2 1% 05 1 15 2
Time (msec) Time (msec)

' ' Bodie Technology, Inc &
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Working with Highly Over-Sampled Data

Time-domain results of filtering a simple 1.0-kHz sinusoidal signal.

» Since the cutoff frequencies are well above the signal’s frequency content,
the filtered result should yield back the original 1.0-kHz sine wave.

 The MATLAB® and Kornucopia® filter functions are same as before.

» Similarly poor results occur again with MATLAB®.

f.=30kHz, Q_ =0.005 f.=18kHz, Q. =0.003
15 T T T 15 T T T
1 1
— 05 ~ 05
w w
g T
E dea E
s 05 K ornucopi } 5 05
g MATLAB ] g Kornucopia
(All Similar) (Both Similar, no ripple)
| | | | | |
~1% 05 1 15 2 % 05 1 15 2
Time (msec) Time (msec)

Bodie Technology, Inc &
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Enhancing Material Characterization from Raw Data

W CE e Fa P TH
D-&Fd SR L-Fe
RN AL J——

Fital Chaang of aw Dala

e )

mD=

Basic Steps for
Elastic/Plastic Data

A. Clean and average
raw data

B. Convert nominal
stress/strain to true

stress/strain

Determine modulus

Obtain yield stress
vs plastic strain
curve

Output to ASCII file
for FEA or other
use

u|

Copyright © 2004 - 2010 Bodie Technology, Inc.

Ready-to-

Evaluation ef Hie Infial Ekstlc Kodulua
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SHEED e
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use

Kornucopia® Template

Reusable, well
documented Mathcad
analysis worksheet
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Improving the Fit of Test Data to Hyperfoam Model

[s]
Beginning of User Inpurd o
Qgden-=ill Material Canetarts to bs uesd in fhie document [HYPERFOAMY
Humbsr of S o mabanal B [ LI B ipatanl b gand
WREAT MEr L)
Stwar jorm wy m At ph g om =3 H'E"- b ® ABIRE
Bowi Wiwe @y =08 ap=330 :
H L k=3
G il Rl UL N L py— '.[ ]
Putstin i -3 " B
Wl shek of watoenl 1 T
. o R #m Thie should e 5 pasizes sumiam
cbrrrlins ki [ [rz |.§ IJ] # rdtaral param e e vl
E
Gamaral Ogden-Hill “HYPERFOAM ebrain-anargy dardity Funeion
O TRPEN I 1_!- [l;"" ‘ ‘I‘:l L Ju., z 1:| Tipfire indics rrammisre for % sy
P =13 j=ia
win =T -{rn-m ay i [ A el L']]
— 3 [
a lmal
Wiy ] m g g WA )
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Improving the Fit of Test Data to Hyperfoam Model

Lty ; COMPARISCN OF FIT TO DATA

Cgdan-=ill Material Canetards to be uesd in thie document [HYPERFOAM)

Humbsr of S i rmabasal [—y R i — {dhia] Lwn gl Uniaxial Deformation Mede:

A e L] M Samg. Siress wa. Hom. Comp Eirain Worm Trans. Srain v Mom Comp. Siein
Smar e u) = A7 pe wim =lasLpe T TE T [REEERACE T ] {Acle the ragaisa care)
= RUEy 7| = ETT2% FhEy o - LK
ul
Q E] 10
Advanced Material | ot (e
. . ' Sl -y
Calibration #I .
= 3557 #m Thir chould ysdd & pasira suman e i g § il
.  redtensl parsmelam = vl pui o C 11
» Constrained error ittt i e
inimizati h WA R Ao R - - S
mlnlmlzatlon met Od = 1"! el inedies rramiee for %0 s oanicey
/ w3 =il i ,.
= User-selectable e ] T e T
. . J -mLal, UL, STl TNl
weighting of test : T T
- Qygen-Hid Thasry — CpdareHild Thaary

data o Eaigrntd daia 7 Expeaimniial fea

s a function of princpal siretshes
Simple Shear Deformafion Mode:

- Y PSS N R
= Automatic and user O rE._ o) e, Shair Strace v Wari Shaa’ St Mt Pasriing Stivsa va. hom. Shase Strai

FMiZ; = 2L HIE EMiZ: pg = b H1%

definable initial il = 5 Tom el L ;

guess for constants s at af ]
: - put P Tan, Tax, 4
» Material stability g 2 4 o /
PATRE I Fs Il R <l )
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— T ANt r 1
Imaprants 34 denerion OF A TERECr COUREONGE . :":I ’ ] , ] 2 st ,’ |
h= TA wig=l |*m,:_ TTA 4 | i R TR
T g . T g L
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Hysteresis Test Data — Often a Real Headache

Reciprocating process
equipment data has

200 _ similar issues

Problem caused by
- noise in optical

strain measurement
using a laser sensor

100

Nominal Stress (psi)

0 5 7 10 15 20 25 30 35 40 45 50 55
Nominal Strain (%)

Rew Deta Can we use derivatives of
stress or strain to

200 . automatically separate
- | each cycle (loop)?

Nominal Stress (psi)

0 1x10° 2x10°

Data point counter

; - Bodie Technology, Inc &‘:.’.‘:
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Another Ready-Made Solution in the Kornucopia® Library

#athcad - | hyste resis. gmce]

B4 2<% Tad ® | wrops

Initial Pliot of Raw Data

Faw Disla
B Surminay R rew " - ';231‘5-.1|' ] ; :
g ;

Homanal 5 tvan { ¥

Llee Stress Derivatives to Detect Cycles
smikherne = B-H Temdh = smoothY kW Tror, snthCeme, * ')

4T 4y = dncivirel_ip Tomah, ")

Lk the smmithed dala e
eamipiita ikl dsmiatve

I = freties of Thiess w5 Z staTaiat

1
B ok | =
£ A L
£ - ~ -~ -
= Fow rfp-‘rﬁr' }f"Jr"J ! .-*"'“‘r T
'.‘;.
a -5k =
‘

-1 = 1
C - o
(N1} il -
e b P i

u|
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Kornucopia®
Meets the
Challenge!
Taaaand SN SR L A
Plotting Cleaned Data

Specify smoothing factor for
final result

Specify a specific cycle et 3=3
to highlight

Cycle =4

J¥] Fracess ko find cycles

Flot By Each Set of Cycles

smoothFac = 90-%

T e S ey

« Highlight On
* Highlight

—— Set 1
—— Set 2
—— Set3

l—— Highlighted cycle

Momimal 5 tress (pei)

Nortinal Steain (%)

&0

W

Solution

Ready-made
template that
uses:

« DSP
smoothing

» Derivatives

* Index
searching

e Programming

3
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Kornucopia Improves Work-Flows That Use Data

Numerous files with
one or more specimens |

— =
T R e

| Db Trgwns Wi

Powerful, easy-to-use functionality

» Logical work-flows
« Efficiently process data files
= ASCII, Excel, ...

A S = Eliminates wasteful hand-editing
E of files

FHEHE ey s = Keep header text with your data!

v Improve data integrity

*, [ rom | cwed
One file, numerous
specimens per file Excel files - S|ng|e f||e or many fi|eS
7y Clesred date and aversge 4y Zoom of dlested dats & aversge lﬂ
i
- -
i (= =
3 s g 40 5
| - &
s el 4
& -
g g,
Z = =
] 0
i 10 20 30 a 0.5 1 -
Bind Strain (30 Bivd Steain (%)
| | qomimign - =mecmen | <infosecton | =, = i
. . Bodie Technology, Inc &‘..’.‘
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Kornucopia® Readily Handles Numerical Data and Text

ﬂfginﬁample

_SanpleHane. "ProjectBlusFish. mss"
_MethodName, "ASTH method XEYZ. msn”

"l:CIll", "l:CIlz", "l:EIlS“, "l:Ell4”, “DDlS", "cols"
SanplelD. "blus. HD-Dir". "

SampleInfol., "Tested by"., "J. Smith"
BeginSpecinen

EaginSanple
_SampleName. ‘"ProjectBlueFish nss"
_MethodHaxe, "ASTH methoed HYZ nsn"
*coll”. "col2®. "colld®. “"col4". "col5". "cols’
SamplelD, "blue, MD-Dir*, "*
SampleInfol. "Tested by*. "J. Smith"

\ r. Bega

AdjGage. 0.253, "m"
Area. 0 B90. ‘cm”2"

_Timne. _Load. _Extension. SlackExt.
-isllf Ig!l-l* Irul' ‘I:'.I“, i:{l' hzb

D.13600. 2.318, 0.000, -D.02468. 0.
D.14000, 2.299, 0.000. -0.02468. 0,

1.88800, 9%378.264, 0.141. 0.11676.
1.89000. 6354 .958. 0.142. 0.11694.

- EndData

Sensor 1. Sensor

00404. -2.46793
00401, -2 46793

16.33844,
11.07135.

,< D.14400, 2.476, D0.000, -D.02468, 0.00431, -2.46793

1.88400, 13722.152, 0.141, 0.11642, 23.90619, 11.64224

11.67631
11.69353

=

1.96000. 4952.340. 0,150, 0 12552, 8.62777, 1z2.55221
1.96000, 4952.340, 0.150, 0. 12552, 8.62777, 12.55221
EndData
EndSpecinen
EndSample

‘ Grouping key: { = specimen = info section [ = primary dal%

Copyright © 2004 - 2010 Bodie Technology, Inc.

Bodie Technology, Inc _&‘:.’.‘:

Smart-Tools for Analysis™

5 :
e




Kornucopia Readily Handles Numerical Data and Text

" " Mathcad - [ProcessingPackedFile_MTS_webinar.xmcd] Il
mFiIe Edit ‘iew Insert Format Tools Symbolics  Window  Help -

AE=[F<EPcsl D-ad SAV

BeginSanple 1=
_SanpleHanse. "ProjectBlueFish ms
THeth?dN?me, ::AS'III'H meﬁ,hoﬁl XYZ"mS ; J_\
| sanpleid, “bine. mopiie. || Read Data File
Samplelnfol. "Tested by". "J. 5 e
s e e 0,253, "ur file = readASCT_k("multiSpecimens_MTS " "somma® ") _
Area, 0.890, 'cm"2"
BeginData
-~ ) <
o= o5l Unpack Numerical Data Unpack Column Headers
0.13600. 2.318.
< RTINS 1Y ("BeginData" Yy (3% ] 1Y f"BoginData® Y (1
e e data = unpack ki file, . ¥ e fullHead = unpack I file, : : 5 ot
e e 1 "EndData" =1 « 1 "BeginData" 2
1.88400, 13722.1
1.88800, 9378 28 i ) ) o
1.89000, 6354 395 " Time" " Load" " Extension" "SlackExt" "Sensorl" "Sensor2"
\- EndData "{440,61" - - -
\ EndSpecimen gt "gf" Ugpt U oyt nggn
BeginSpecinen n n
( igégagﬁ'auézﬂ;‘cm:gl: il " Time" " Load" " FEatension" "SlackExt" "Sensorl" "Sensor2"
BegiﬁData l k(d t "”) ”{3916}” % %
p2 Tine, Toad, sl summary kidata, - g W o g e g g
T haE e = "{360,6}" &F ° ’
012800, 0.G7S5. " Time" " Load" " Edension" "3lackEx" "Sensorl" "Zensor2"
< 0.13200, 0.856, 423 AL - = =
P P IISII n g‘l Ilmll IImII II%II II%II
n n fullH _
Co o {460,6} ead - n T n " L d" " E\:d' H n IISI kExtll IIS 1II IIS 2II
1 88000, 367827 _Time _Lina _Extension ac ENF 0L ENF 0L
1 EEUUU' 36?8 27 non Ilgﬂ Ilmll Ilmll II%II II%II
EndData Wi g
\ Endsp.;gimen plt = nestPlot kdata,"")
4 bunch ) "_Time" "_Load" "_Exension" "SlackExt" "Sensorl" "Sensor2"
e e e . Quick plot of raw data T g neg T T
BeginSpecinen o 210 T T T
is;g?gﬁfenfsnf‘cm“m" " Time" " _Load" " Exension" "SlackExt" "Sensorl" "Sensor2"
BeginData 4
_TimE, _LDﬁd, _E 15x10 IISII II#I Ilmll IImII II%II II%II
"s", "g P = _ﬂ —
0.12800, 2.867, . +
0.13200, 3.109, ] =
ST e Cleaning Header Text
1.96000, 4952 34 Sl fullHead. = st:thleanup_kEﬁﬂ]Head.,“remove” S ,"“:]
196000, 4952 34 1 1
Em:lEipnac:lﬁgﬁDCltﬂ "Time" "Load" "Exension" "SlackExt" "Sensorl" "Sensor2"
EndSample 0 fullHead, =
1 IISII IIgﬂ Ilmll IImII II%II II%II
(Grouging key: { = specimen
-~ et e, and o aphnste o e st st g R M—h_‘.\? =
. . Bodie Technology, Inc &‘..‘.‘
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Kornucopia Readily Handles Numerical Data and Text

R e e R R =
O S T e

- - ||T' ||E:d' H " ||Sl kE:d-” ||S 1|| ||S 2"
Extract and Assign Units PalHead, = ( e prsIonT e en;c'r en;m ]
||m|| ||m|| n o|| n 0||

Text to Units Functions ﬁ l

1= 1. rowrs data)

BeginSanple
_SanpleHanse. "ProjectBlueFish ms
_MethodName, "ASTH method XYZ ns
"coll", "col2", "cold'. "cold",
SamplelDl. "blus. MD-Dir". "
SampleInfol, "Tested by". "J S

BeginSpecinen

e T I |

. idiGage, 0.253, ‘"
Ar.]aa:'gﬁ. 830, Fon"2" ] Text to Units Functions
o we. _1oad. = Force data A
"s", "CJ o "m”
p.1ze00. 2.318 F_unit, = forceUnil{rfu.]]Headi] J forcelTnit( forceTnitdtring) = |return N if forceUnitString = "H"
< 014400 2.47¢. ' e return Ibf i forceUnitString = "Tbf"
. b . . . . . . -
s sarsa o Tm (98] P ¢ (NOTTIETICANY PPy GRS A0 Uaisne = &
U cpapass & 07000 354,98 - errot] " Invalid forceTnitStrng" )
\ EndSpecinen Displacement data
eginSpecinen
AdjGage, 0.251, "m"
Area. 0.B93. ‘'"cm"2" o= H 4 T T A - " "
P oBemibata b _unit; = lengthUmi{[ﬁﬂJHeadijz 3:| lengthUnit{lengthUnitString) = |return m if lengthUnitString = "m"
TS”, :ICJ_", "1;1"T :
0.1%800. 0.875. teturn i o lengthllmtotnng S Mm”
< 0.13200. 0.856. 1} {4401} . . gth . i s i
: teturn i if lengthUnit3tring = "in"
1 BBO00. 3678 27 i oo "Trvwalid 1 Uritteing"
ipars L 88000, 3678.27 1} | mkg i {397.1} error"lav engthlng E')
\. EndData = =
S EndSpecinen M0} | 2 {360,1}
A4 bunch nore speci 422,13 {422,1} . i . 2. 0 . n n
BeginSpecinen atealTmit arealTnit3tring) = |teturn mo if areallnit3String = "m™2
is;gagﬁ, Bngzsnacm:rzn: 460,13 {4a0,1} ,
BengathimE' load, _E {4401} teturn em” if arealTnit3tring = "em"2"
0 13808, 2867 1440,1} 2. .
0.13200, 3.109, S retun mm if areallnitString = "mum™2"
- S Vo { 2 } T — e, PN T B P R T T I S Ty e WP
1.96000. 4952.34 {360.1}
., 196000 435234 (4221}
EndSpecinen
EndSample {460,1 }

A g ——T— it -

(Grouging key: { = specimen I =Into section L = primary datij |

Copyright © 2004 - 2010 Bodie Technology, Inc. Smart-Tools for Analysis™
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Kornucopia Readily Handles Numerical Data and Text

Copyright © 2004 - 2010 Bodie Technology, Inc.

BeginSanple . e
ggﬁﬂﬁg Unpack area & gage lengths for each specimen from headers
(. BeginSpe (’
| 1Y (" AdiGage" Y (0 _ N _
- gage = unpack lg file, . . . M ("AdiGage 0253 "m"| Mall Nall Habl)
1 "& diGage" 0
("AdiFage'] 0251 "m"| Nall NaN Nall)
S ("AdiTage'] 0249 "m"| Nall NaN HNab)
age =
Bee ("Adidage'] 0252 "m"| Nall NaN Habl)
L < ("Adi¥age'] 0250 "m"| Nall NalN Hab)
\ Endepeci |("AdiGage| 0250 "m"| Mal Hal Hab) |
|
< 1 "erea" |:| _I:".PLI’E&" 0290 "eom™2" Nall Mall NEN)_
\ f *=- “ﬂP“k-“{ﬁle=[1]’[..m8a..]=[D]= } ("Area'] 0893 "o Hall Nall Hal)
. Endpen e o ("Area"| 0932 "em™2| Nall MNaN Hab)
("Area"| 0892 "em™2| Nall NaN Hab)
Beg”TB ("Area"] 0585 "em2| Nall Nal Nal)
|("Area"| 0889 "om™2'| Nal NalN Nall) |
EndData
EndSpecinen
EndSample
. . "y _-"wr " . J‘-‘-ET?-H....J .-"x—'-..,-'-—i"' m‘#ﬂ-x,i}*‘-“-‘?‘ﬁ‘-‘_.— w-u-lt--\p--‘-..qrn?'
Grouping key: { = specimen = info section | = primary datij
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Power of Mathcad® + Kornucopia®

Kornucopia® is Built With Mathcad® For Engineers & Researchers
» Written by an Engineer who has used Mathcad for 20+ years

° M ath Cad fea‘tu reS used " Mathcad - [Kornucopia_components?a.xmcdz] [Zlﬁlﬁ__(

mFiIe Edit ‘iews Insert Format Tools Symbolics window Help
-2l && ¥

Integration via the Trapezoidal Rule

= “Smart” referenced worksheets

Sirgle Inkegralon ofa daka weckor 300 wl b ind kel condl lon 161

» Collapsed, lockable areas

micu e Tem |4,

= Programming (~98%) Mathcad® is
= “C” user DLL’s (~2%) Powerful & Extendable

B ve kO 1] Lt Programming
LS LT R () add Line -

Insert Function

if atherwise

Function Category Function Mame Successive kgralon ofdala weclor 00 wihIn 12l condllors ¥, 06 and v, (62 far while
Fourier Transform A |harnrming_k A T RN i LTS HEen i
Graphirg | |hann_k g

° Hyperbalic incPlot_k refurn onerrar
Image Processing indexFind k !
Interpolation and Prediction mmlintearatel k |
EIM integrate2_k
Log and Exponential IsFile_k Be
Lookup | [IsMumeric_k |
Ll irmbme Thmmwes (T menbsis s bevie e S e P P 1 ——|

s

| integratel_k{¥data, Ydata, IC1, ADV) |

[ ] A)
Returns an array representing the nurnerical intearation of Ydata with repsect to
¥data, IC1 is the initial condition of the intearation. The last parameter ADY is for
advanced options, Enter "" to take defaults, To see current settings and all options, >
|

}

(@ OF, l[ Insert ][ Cancel l A | A i R sl oy it it
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evaluate integratel_kDefaults and integratel_kPossibles variables.
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Learning About & Accessing Kornucopia® Functions is Easy

" Mathcad - [elasticPlastic_1.ancd] E]E|rg|
ﬁ File Edit W“iew Insert Format Tools Symbolics  window hﬂ = |8
D2l &RV . -\ w i || »| =
— o
Far a given strain offset, the following function finds the appropriate initial yield stress. 3
U},rield_ﬁndEEoffset] = |onerork & indexFind_kI:Ehl_pl_mw,” cut after” ,Enffset,"retmn hit : last" :I
"Cannot find any crossings, return zero" :
retumn 0050 o0 Insert Function E]
if k= last(c) Function Cateqory Function Mame
"Mo mnterpolation possible, retuen last alue” Fourier Transfarm | [harnring_k R
retum o Graphing | hann_k g
Lo} Hyperhbolic incPlot ke
"use simple linear extrapolation to estimate ywield o] | ImMage Processing i i
|Interpolation and Prediction — | |integratel_k ==
R STOT O rs e O {E s — € m_ integrate2_k
Field * T offset ~ ®ln pl rawy Il |Log and Exponential IsFile_k
Lookup | [IsMurmeric_k P
T e T e Il irrdeime Tl B mmmbeive, e e o | L
Cietd = 7 indexFind_k(DATA, COMDITION, WALUE, ADV) |
O iald Finds the index in array DATA for which YALUE satisfies a specified search A |
e COMNDITION, WALLUE is either a scalar or the special strings of "min” or "rax" for which [
the function will use the min or max of DATA as the WALLE, Search conditions are E
specified by one of the following strings: "cut before”, "cut after”, "closest”, "eq”,
This function is useful to plot the offset in - — F
against a complete stress/strain curve T offset!Fin-Foffset] @ - [ Ik l [ Insert ] [ Cancel ]
Onset Yield Stress using the Plastic Strain Method (PSh)
Faor this method, the offset is set to zero, or sorme other "near zero” value
€offset_pom = 0.0-% = The_' analyst may chose to modify this from a value of 0.0% for
numerical pURoses 3
&/ 3
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A Rich Library of Example Documents and Templates

E? Kornucopia Help

& B e

Hide Locate  Back  Fooward

Stop

LCantents ] Index ] ﬁearch1

-~ g TOC

@ Releaze hlotes
+ @ Introduction and Cwverview:

] Msthcad Tips
+ @ Functions

@ Extra Unit=
= [£] Examples

H @ Tipz on Using Examples Effectively

+ @ Tutarials

= @ Simple Usage

i+ [E] Quick Start
@ The ADY Parameter

I [£] Readitite Files
] @ Cregting an Average Curve
1 @ Twweaking Data
] @ Fourier Analysis and Fitbering E
] @ Typical Fourier and Fitter Appli
] @ Computing Arc Lengths of Dat:
Elaborate Examples
@ Cartilever Beam Analysis
@ Catenary Analysis
@ Cleaning, Averaging, and Twe

[#

Over 30
examples
showing

how to
process a
variety of

challenging,

realistic,
datasets

-5

@ Creating Elastic/Plastic Materia
[£] DB Failure

@ Decimating Data

@ Derivatives and Integrals of Dis
i @ detivativesAndintegrals _S
FNC | @ detivativesAndintegrals _D
[ @ General Interpaolation via Parar
itter of Plate Shock

I B e e e B @

E [=|1= - Compact
& [5] Plste Shock - Detailed
- @ Hysteretic and Cyclic Data Pro
- @ Improving User-Friendiness of
1 @ Learning DEP

I @ Lens-Ball Impact

@ hioon Penetratar

2 @ Processing Multiple Files Effici P
= I . - ' D TR PR
N e s 5

2 e e

S
F|e__flesh Home Frint  Options

Using Highpass Filtering to
Improve the Correlation of a
Plate Shock Problem

(Compact Version)

Relative Displacement

Helpful Work-Flows

&
Best Practices

This is an HTML version of the worksheet. It is intended to be used for fast browsing.
Click here to work interactively in Mathcad® with this worksheet.

£¥T
[¥] Loading Kornucopia® &"

can be opened LIVE in

Mathcad® and modified as
desired by user

Notes:

| [
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A Rich Library of Example Documents and Templates

Ik e =l

Examples and Templates:

—— Test
“F

» Walk user through the analysis
prOCeSS Irteyral= acze erxl or 17 2E75 1

I" [FHEE(EH

» Reusable by user for their own data L (R R

e 2

° Fu”y Customlzable [recty e stirg 226 ire lal acze arsd ar s I

rasdHac ir 5 coifl by cigalszerars sesus
1ze2 ale gl [ TH T R ST FTTET B T

Hzirq 3 vitapas= “lben = rarss L pooaley,

EER AR T
e e Mot 1y —
T = -

[ Eo,gq: samplinzfioec Lt _'" A0l

E : e r ) L -
Using Highpass Filtering to Sawcify £ 0O b Ity b= — = b .
E frae Jencr e oo oA AT A //

Improve the Correlation of a - RN N

Flate 5hﬂch Problem ety oo an b ecalahe 10 FRE iy 1
[Compact Version) ralasiee by TrnnAr spEcin v T da n . 4 I
R E AT N o TR IL T PR PR Tut Ton
- ) | 01 = TRCalen s f2e,"Zac B 1 = TTGoag W20, ') fre1”" TR
oo pu ] T g =T E-be Sy, Thnkmea et T weiryche dizalacerrart dats rancees the drit
& e ] B . . .
l-.u,-ﬂ'\_rfﬁ‘g_;"“-__/_‘:v—'ﬂ Loz = mzzfooy = b, L M . L L B L - S

—— Uy 5 ] : Fovier & TEF ple:
y Telatiors Jispraceme s (T okesed

T |
T
e e P
o
i, A, e o o it 1 bt b o s v Bl iy .
el s s, ek st b kathodaE il i soid bl Ll
K 1l
Ao
s =
W Ih

AT
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Learn how to
effectively work
with your data!

L

Bodie Technology Inc

Training Seminars

Introduction to
Kornucopia® and Mathcad®

“Without Kornucopia® | really doubt the quality
and quantity of work would have been what it
was. The 1 on 1 instruction was invaluable.”

Lieutenant Colonel Kelly Laughlin, PhD
US Army, Picatinny Arsenal

Learn how to
get great results
with confidence!

Raw Data

f’ Expelrimenlt \

Analyzing Noisy Data
via Filtering and DSP

“This DSP seminar should be mandatory for every
explicit dynamics user. Ted is a great lecturer.”

Pedro Bastias, NACCO — Matl’s Handling Group

Decimation

& Filtering

/ Experiment \

-f'. ,.r~.’\,1 i

FEA (Wlth Tralnlng)

; ﬂ FATAVATATLVANE

Bl
:

FEA (NO Training)
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Introduction to Kornucopia®
and Mathcad®

Day 1 - Basics of Mathcad®
* What's possible with Mathcad® & Kornucopia®

» Symbolics, numerical methods, data analysis, ...

» Analyzing challenging data

* Mathcad® basics
» Worksheet layout and calculation order
= Creating/editing math, graph, & text regions
» Referenced worksheets and collapsed areas
*  Working with units
* In equations, plots, arrays, and data files
» Creating your first worksheets
= Some simple calculations
»  Working with ASCII data files

Day 2 - Kornucopia® (Part 1)

» Arrays, range variables, and looping
» Matrices, 2-D arrays, and nested arrays
= Various ways to loop equations and functions

* Reading and writing data files
» Tips on using solve-blocks

» Easy-to-use programming within Mathcad®
* NO need to be a C or Scripting wizard!

Copyright © 2004 - 2010 Bodie Technology, Inc.

Day 2 Continued

» Kornucopia® features for analyzing challenging data
» Functions & example worksheets
* The ADV parameter
» Accessing help and documentation
= Connecting to the Kornucopia® library

* Enhanced file reading & writing

=  Working with “real-world” ASCII files with header
text, stacked datasets, etc.

» Unpacking data files

Day 3 - Kornucopia® (Part 2)

* Array and string manipulation

» Reorder rows & cols, nested array tools, find
locations in data that meet criteria, string
manipulation & parsing

» Techniques for easily plotting multiple curves

Customizable to fit YOUR NEEDS
with YOUR DATA

1-Day to 3-Day Formats

More details on our website
www.BodieTech.com

» Working with Excel and PowerPoint
Bodie Technology, Inc &
L,

Smart-Tools for Analysis™



http://www.BodieTech.com
http://www.BodieTech.com

Analyzing Noisy Data via

Filtering and DSP
Day 2 Applications of DSP (Part 1)

Day 1 Concepts of DSP, Filtering, and More » Review of DSP fundamentals, solidifying key concepts

« Motivation for using DSP with experimental and/or * Developing a DSP strategy for a given problem
simulation data * Working with experimental data and validation of

= Workshop — experiencing common DSP errors simulation and/or experimental results

« DSP fundamentals » DSP using various software

Data collection and sampling: avoiding aliasing *  Working with transient-dynamic events

=  Workshop — Transient impact analysis

FFT’s, Fourier Analysis, windows ...

— itis not a black box! » Workshop — Salvaging shock data via hp filtering
» Lowpass, highpass, bandstop, bandpass filters = Workshop — Penetration problem (comparing
* [IR and FIR filters, Butterworth & Chebyshev filters multiple models to test data)

» Filter parameters: cutoff freq., filter order,
single/double pass

» Filter induced distortions, end effects & time delays

Day 3 Applications of DSP (Part 2)

» Working with quasi-static models created using transient

) ) simulation techniques.
*» FRF (Filter Response Functions)

. . - - - Iem
= Decimation and upsampling Customizable to fit YOUR NEEDS
« DSP features in Kornucopia® With YOUR DATA
« DSP features within Abaqus law
« Workshops data

= Learning to use DSP functions with simple signals 1-Day to 3-Day Formats

» Computing derivatives & integrals from noisy data More details on our Website ion
www.BodieTech.com

Bodie Technology, Inc &
L,

Smart-Tools for Analysis™
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Contact Bodie Tech for More Information

Web: www.BodieTech.com

» more videos: www.BodieTech.com/videos

E-mail: info@BodieTech.com

Bodie Technology, Inc

Specializing in solving complex problems in nonlinear
mechanics by employing a proven mix of computational
and testing knowledge in novel ways

 Kornucopia® Software
» Customized Training

 Expert Consulting

Copyright © 2004 - 2010 Bodie Technology, Inc.
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